It is critical to know the precise location and configuration of the mandibular canal (MC) to avoid damages in the alveolar inferior nerve during an invasive dental treatment. The aim of this study was to provide anatomic relationships of the mandibular canal in its entire pathway related to cortical walls and dental roots to serve as basic knowledge for dental clinical procedures performed in this area. We analyzed 50 CBCT images assessing the specific location of MC at the retromolar space as related to inferior teeth roots. Data were analyzed by side using descriptive statistics (median: mean [M], standard deviation [SD], 95 % confidence interval: lower endpoint [IC] and upper endpoint [IC']). The MC length and pathway were measured from the mandibular foramen up to the mental foramen. MC was closer from lingual cortical than buccal at the retromolar space as well the distal root of the second molar and the root of the second premolar are closest to MC. A mean length for the MC of 70.8 (±5.3 mm) for the right side and 71 (±5.8 mm) for the left side were observed. In conclusion, it is critical for clinicians to know three-dimensionally the topographic relationships between the inferior teeth roots and the mandibular canal before proceeding to any invasive dental or surgical procedure at this region.
INTRODUCTION
Mandibular canal (MC) is a bony structure that begins in the mandibular foramen on the medial face of mandible ramus. Its pathway follows the lower and lateral direction passing to the mandible body, where it is related to the roots of the lower teeth, whose cross-sectional examination reveals an oval, circular or piriform shape (Suazo et al., 2011) .
The mandibular canal carries, from its origin until the incisive region, the inferior alveolar artery and vessel and inferior alveolar nerve. The branches derived from these structures provide nerve and vascular supply to the lower teeth and adjacent structures; a terminal branch leaves the canal through the mental foramen emerging as the mental nerve (Claeys & Wackens, 2005) . The inferior alveolar nerve is a major division of the trigeminal nerve, which is vulnerable in surgical procedures of the mandible (Kilic et al., 2010) . The physiology of the mandibular nerve is an important factor relevant to success in dental implant planning and surgical procedures in the mandible (Karnasuta et al., 2017) .
The morphological features of the mandibular canal, its variations and inner vital structures are very significant especially in oral anesthesia, dental implant therapy and maxillofacial surgery, because the inferior alveolar neurovascular bundle presents different locations and many variations (Juodzbalys et al., 2010; Roa & Arriagada, 2015) . MC may be damaged by mechanical trauma through irrigants during an endodontic treatment, drilling, root canal over instrumentation, third molar exodontia or damage during implant location (Kawashima et al., 2016; Koivisto et al., 2016) . The last procedure has gained popularity in the last few years, as it requires to optimize and plan the surgery considering the distance from the MC due to the considerable paresthesia and nerve damage observed in the literature, to which prevalence ranges are between 13-17 % (Kubilius et al., 2004; Burstein et al., 2008) .
In this sense, it is imperative to know the precise location and configuration of MC to avoid damages in the alveolar inferior nerve Hsu et al., 2013; Kawashima et al.) . Thus, the aim of this study is to provide anatomic relationships of the mandibular canal in its entire pathway related to cortical walls and dental roots to serve as a basic knowledge for dental clinical procedures performed in this region.
MATERIAL AND METHOD
This study was approved by the Scientific Ethics Committee of the Universidad de La Frontera, Temuco, Chile (Protocol N° 048/13). A descriptive study was performed on 50 CBCT images, which belong to the radiology unit of the Universidad de La Frontera, taken between January 2014 and March 2015. The patients identities were not revealed and only access to information regarding age and gender was provided. The images were taken as part of the diagnosis, examination and treatment planning of surgical, endodontic, periodontal, orthodontic or rehabilitation treatments. The images were obtained on a Pax Zenith CBCT unit (Vatech, Hwaseong-si, Korea), using 120 kV and 9 mA; FOV 8 × 6 cm, voxel size 0.12 mm.
Data were exported as DICOM format in the software EZ3D2009 (E-WOO Technology Co. Ltd. Korea) to observe coronal, sagittal and axial cuts as well as a 3D reconstruction. Inclusion criteria were aged between 15 and 75 years, and mandibular fully dentate individuals. Exclusion criteria were images with implants in mandible, bone resorption related to periodontal disease or endodontics and endodontic treatment.
Two calibrated examiners performed the morphometric analyses. Coronal and sagittal cuts were oriented parallel to the long axis of the mandible, and then cuts were obtained at 0.5 mm intervals and 1mm in thickness for all the samples, using multiplanar reformatting (MPR). MPR allows making a three-dimensional model showing all structures within 1mm thickness overlapped on each other.
The exact location of mandibular canal was assessed at different depths on the sagittal cuts. The complete plotting of mandibular canal was made using the sagittal image, beginning from the distal side in direction to mesial side. Also, the distance between mandibular canal and dental apex from teeth 4.7-4.6-4.5 was measured throughout the coronal cuts. Then, a parallel line to the dental contact point of premolars was designed and then the distance between the mental foramen and this parallel line was measured. When the mental foramen was at left side of this line, a negative value was assigned to this measure and when was at the right side it had a positive value.
A coronal cut at the retromolar space was made, and three lines, A, B and C, were measured. Line A was measured between mandibular canal and mandible's buccal cortical bone. Line B was determined between mandibular canal and mandible's lingual cortical bone; and Line C was performed between mandibular canal and the base of mandible.
Data were analyzed by side using descriptive statistics Finally, the mandibular canal length and pathway were measured from the mandibular foramen up to the mental foramen.
RESULTS
The distance between mandibular canal and the cortical limits of the mandible is summarized in Table I . Mandibular canal was closer from lingual cortical than buccal at the retromolar space as observed in Figure 1 . Also, the distance between dental roots of each tooth and mandibular canal is observed in Table II and Figure 2 . As can be seen, the distal root of the second molar and the root of the second premolar are closest to mandibular canal.
Finally, a mean length for the mandibular canal of 70.8 (±5.3 mm) for the right side and 71 (±5.8 mm) for the left side were observed. Also, 95 % confidence intervals for right and left sides were 69.1-72.5 mm and 69.2-72.9 mm, respectively. Table I . Distance between mandibular canal and cortical limits of mandible at retromolar space. Table II . Distance between dental roots of each tooth and mandibular canal. 
DISCUSSION
The present study evaluated the morphological and morphometric characteristics of the mandibular canal (MC) of Chilean fully dentate patients using CBTC images, focusing mainly on the measurements of distance from this canal to the mandibular cortical walls and base and its relation to posterior teeth roots. These data may serve as a basic knowledge for clinicians during a surgical or endodontic treatment performed in mandible's posterior region to reduce the damage to alveolar inferior nerve.
The location of the MC by the frontal view of the crosssection of the jaw body showed that MC is located closer to the lingual cortical at retromolar space. Kumar Potu et al. (2013) described the MC pathway in a cross-section view of mandible, reporting that MC crosses lingually to the third and second molars roots, adjacent to first molar roots and buccally from the premolars. At the retromolar space, the distance from the MC to the buccal cortical presented values close to twice of those observed to the lingual cortical, while the distance to the mandibular base was approximately fourfold to the lingual cortical. A tendency was also observed that MC was located more lingual at right side, which concurs with de Oliveira Júnior et al. (2011) , but without significant differences. The MC is often symmetrical bilaterally (Nortjé et al., 1977) .
Previous studies (Levine et al., 2007; Kamburoglu et al. 2009; Koivisto et al., 2016; Uppal et al. 2017 ) revealed distances of the MC to both corticals, ranging from 1.7-4.35 mm and 2.6-5.4 mm for lingual and buccal walls, respectively. These measurements are higher than those observed in our population but according to the reports by Huang & Liao (2015) who identified mean values of the MC distance to lingual cortical less than 2.7 mm. Jasa et al. (2014) revealed that there was a higher prevalence of MC near buccal mandibular cortical (65.7 %) when compared to basilar edge (25.7 %) and lingual (8.6 %). These differences may be due to different evaluation technique, since Jasa et al. used lateral oblique radiographs in anatomical specimens. Huang & Liao stated that MC is closer to lingual wall at the two posterior thirds of mandible, which concurs with the observation in this research.
Other studies corroborate the observation of the present study whose position of MC in relation to the cortical bone of the basilar edge is considerably higher in relation to the lingual and buccal walls (Uppal et al.; Killic et al.) , with mean values of 7 to 7.94 mm (Yu & Wong, 2008; Uppal et al.) and 10.52 mm (Gowgiel, 1992; Killic et al.; Juodzbalys et al.) . The mean values observed in the present study are closer to those reported by Yu & Wong and Uppal et al. In addition to the distance of the MC to cortical walls, its relationship to the dental roots is of great academic and practical importance due to surgical and endodontic procedures in the mandible, which presents the possibility of complications to the mandibular canal and its components (Littner et al., 1986) .
The distance from the mandibular canal to the dental apices assessed by lateral view (sagittal sections) revealed values of each dental root of the posterior region based on its trajectory, which begins in the mandibular foramen located in the ramus, followed by a descending and anterior trajectory to the region of premolars. From that point, the MC shows an ascending and anterior pathway until the region of mental foramen. The pathway of the MC was reflected in the present study in closer distances from MC to dental apices from second molars, concurring with some studies (Koivisto et al., 2011; Bürklein et al., 2015) , and observing increasing values until the ascending pathway at the second premolars region, at the emergence of mental foramen.
The literature (Littner et al.; Koivisto et al. 2011; Bürklein et al.) , shows similar characteristics to those observed in the present study regarding distance from MC to posterior tooth apices. In general, an increase in this distance exists in the evaluation of distal apices from the second molar to the mesial root of the first molar, with subsequent reduction of this distance in relation to the second premolars. It is important to point out that in most cases at the left side, the emergence of MC in the mental foramen was located between the first molar and second premolar.
Related to the distance between the MC from second molar roots, the findings of this study were a little higher than the reports of Bürklein et al. (2.8 mm) , but considerably different when compared with the study of Sato et al. (2005) performed in panoramic radiographs (0.7 mm). The distance from the first molar roots was similar to that reported in some studies (Bornstein et al., 2011; Bürklein et al.) ; however, it was significantly different from the findings of Koivisto et al. (2011) (2.3mm) and Sato et al. (1 mm) . Also, the distance from second premolar to MC reported by Koivisto et al. (2016) (2.6mm) was lower than that of the values identified in this study (4.1-3.9 mm).
The differences observed with previous researches may be explained by the population studied and the technique of analysis used for the location of MC, observing studies that were performed directly in anatomical pieces (Killic et al.; Kamburoglu et al.) , in panoramic radiographs (Littner et al.; Sato et al.; Jasa et al.) and CBCT scans (Kamburog˘lu et al.; Uppal et al.; Koivisto et al., 2016) . In this sense, the CBCT is the 'gold standard' method in which three dimensional images are obtained with high precision of measurements, which allow to analyze clinically structures close to the MC, with a high resolution, low dose radiation and minimal distortion when compared to panoramic radiographs (Jasa et al.; Hsu et al.; Koivisto et al. 2016; He et al., 2016) .
In conclusion, it is critical to clinician to know threedimensionally the topographic relationships between the inferior teeth roots and the mandibular canal before proceeding to any invasive dental or surgical procedure at this region.
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RESUMEN:
Es crítico conocer la ubicación exacta y la configuración del canal mandibular (MC) para evitar daños en el nervio inferior alveolar durante un tratamiento dental invasivo. El objetivo de este estudio fue proporcionar relaciones anatómicas del MC en toda su trayectoria relacionada con paredes corticales y raíces dentales para servir como un conocimiento básico para los procedimientos clínicos dentales realizados en esta región. Se analizaron 50 imágenes CBCT evaluando la localización específica del MC en el espacio retromolar, así como las raíces de los dientes inferiores. Los datos se analizaron por lado, utilizando estadística descriptiva (mediana: media [M], desviación estándar [SD], 95 % intervalo de confianza: punto final inferior [IC] y extremo superior [IC] ). La longitud y vía del conducto mandibular se midieron desde el foramen mandibular hasta el foramen mentoniano. El MC estaba más cerca de la cortical lingual que bucal en el espacio retromolar, así como la raíz distal del segundo molar y la raíz del segundo premolar están más cerca del MC. Se observó una longitud media para el MC de 70,8 (± 5,3 mm) para el lado derecho y de 71 (± 5,8 mm) para el lado izquierdo. En conclusión, es fundamental que el clínico conozca tridimensionalmente las relaciones topográficas entre las raíces de los dientes inferiores y el conducto mandibular antes de proceder a cualquier procedimiento invasivo dental o quirúrgico en esta región.
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